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Symposium Celebrating Swapan C‘Xattopadhyay‘s Retirement on his 70th.
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Particles, Light, Swapan!
X-ray FEL in a flash!
Wonderful noise!
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Particles, Light, Swapan!
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As the founding director of CBB, Swapan had a vision for beam physics especially beam interactions with
light!

Under S w a p ausionsand leadership, pioneering work at CBB includes
Ultrafast X-ray generation by Thomson scattering

Ultrafast X-ray generation by laser slicing

Transient-time optical stochastic cooling

Laser plasma accelerators

Three-dimensional FEL theory
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'SCATTERING' : —# high energy photons
—— manipulate temporal &

spectral profile
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Particles, Light, Swapan!

PHYSICS OF PLASMAS VOLUME 5, NUMBER 5

MAY 1998

Phase Space ~ 'PROBING' :
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Mapping

—— monitoring 'phase-space’

—— manipulate 'phase-space’
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DIAGNOSTIC, OPTICAL COOLING

Alight a beam and beaming light: A theme with variations™
Swapan Chattopadhyay™?

Ernest Orlando Lawrence Berkeley National Laboratory, University of California, Berkeley, California 94720
(Received 20 November 1997; accepted 27 January 1998)

The interaction of light (coherent and incoherent) with charged particle beams is explored in various
configurations: incoherent scattering of coherent light (laser) from an incoherent particle beam (high

temperature), coherent scattering of coherent light (laser) from a ‘‘cold’” (bunched) beam, Phase Space
femtosecond generation of particle and light beams via ‘‘optical slicing”* and Thomson/Compton X —> Pha.?eSpace Cooling at
scattering techniques, etc. The domains of ultrashort temporal duration (femtoseconds) as well as Control Optical Wavelengths
ultrashort wavelengths (X rays and shorter), with varying degrees of coherence, are explored. The
relevance to a few critical areas of research in the natural sciences, e.g., ultrafast material, chemical
and biological processes, protein folding, particle phase space cooling, efc. are touched upon. All the
processes discussed involve proper interpretation and understanding of coherent states of matter and
radiation, as well as the quality and quantity of information and energy embedded in them. © 7998 -
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In May 1998, | finished Ph.D. from Stanford
Energy
(e) — Laser 'CHANNELING' & guiding
A ff I ™ Face  focusig RATION
Had a postdoc offer at LBL but turned it down == PARTICLE ACCELE
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A Went to Argonne to work on FEL with Kwang-Je (& — . —— .
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FIG. 5. Energy and Phase Space Mappings and Control attainable in various Laser-Beam Interactions.
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XFEL in a flash! N NENRNEDEL
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B Electrons slip behind EM wave by /4 per undulator period (/)
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E Due to sustained interaction, some electrons lose energy,
while others gain C energy modulation at /, e

E € losing energy slow down, and € gaining energy catch up
C density modulation at /, (microbunching) o

B Microbunched beam radiates coherently at /;, enhancing
the process C exponential growth of radiation power



Opportunities for Tunable Source of Radiation
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XFELs are extremely bright and ultrafast

Log Average Brightness
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LCLS (2009): the first hard X-ray FEL!
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First lasing and operation of an
angstrom-wavelength free-electron laser

P. Emma’*, R. Akre', J. Arthur, R. Bionta?, C. Bostedt', J. Bozek', A. Brachmann', P. Bucksbaum’,
R. Coffee, F.-J. Decker', Y. Ding', D. Dowell', S. Edstrom’, A. Fisher', J. Frisch!, S. Gilevich',

J. Hastings', G. Hays', Ph. Hering', Z. Huang, R. Iverson', H. Loos', M. Messerschmidt',

A. Miahnahri', S. Moeller', H.-D. Nuhn', G. Pile’, D. Ratner', J. Rzepiela', D. Schultz', T. Smith’,
P. Stefan', H. Tompkins', J. Turner', J. Welch!, W. White', J. Wu', G. Yocky' and J. Galayda'

REVIEWS OF MODERN PHYSICS, VOLUME 88, JANUARY-MARCH 2016

Linac Coherent Light Source: The first five years

Christoph Bostedt,” Sébastien Boutet, David M. Fritz, Zhireng Huang,
Hae Ja Lee, Henrik T. Lemke, Aymeric Robert, William F. Schiotter, 8
Joshua J. Turner, and Garth J. Williams?




